Background. Often used indicators for the quality of primary care are hospital admissions rates for conditions which are potentially avoidable by well-functioning primary care. Such hospitalizations are frequently termed as ambulatory care sensitive conditions (ACSCs). Objective. We aim to investigate which characteristics of primary care organization influence avoidable hospitalization for chronic ACSCs. Methods. MEDLINE, Embase and SciSearch were searched for publications on avoidable hospitalization and primary care. Studies were included if peer reviewed, written in English, published between January 1997 and November 2013, conducted in high income countries, identified hospitalization for ACSC as outcome measures and researched organization characteristics of primary care. A risk of bias assessment was performed to assess the quality of the articles. Findings. A total of 1778 publications were reviewed, of which 49 met inclusion criteria. Twentytwo primary care factors were found. Factors were clustered into four primary care clusters: system-level characteristics, accessibility, structural and organizational characteristics and organization of the care process. Adequate physician supply and better longitudinal continuity of care reduced avoidable hospitalizations. Furthermore, inconsistent results were found on the effectiveness of various disease management programs in reducing hospitalization rates. Conclusions. Available evidence suggests that strong primary care in terms of adequate primary care physician supply and long-term relationships between primary care physicians and patients reduces hospitalizations for chronic ACSCs. There is a lack of evidence for the positive effects of many other organizational primary care aspects, such as specific disease management programs.
Introduction
In many countries, primary care serves as the entry point of the health care system where the vast majority of health needs are satisfied and complaints treated. The main goal of primary care is to keep people healthy by prevention and timely treatment of illness and disease and manage and coordinate care for chronic illnesses to prevent deterioration of a patient's health (1, 2) . There are several theoretical models on how primary care can be organized and which characteristics it should include. One of the most cited models was developed by Starfield et al. and implies that organization of primary care incorporates a set of features and characteristics, which are summarized into four main primary care domains: first contact of care, longitudinality, comprehensiveness and coordination (3, 4) . First contact refers to primary care as the first source of care for the population when health care needs arise. This domain includes that primary care is accessible and used by the population when in need. Longitudinality is described in Starfield's model as long-term person-focused care over time. This continuous care approach implies that there is a regular source of care over time and patients build a long-term relationship with providers to create a mutual acceptance of each other's needs and expectations. Furthermore, primary care should be comprehensive to the needs of the population in terms of a wide range of services, which are appropriate to deal with all sorts of health problems in the population. Lastly, primary care should coordinate care services across health care levels, so that patients receive appropriate care for all their health problems. This coordination can for instance be enabled through proper information systems. Each of the domains has a structural feature, indicating the achievement of the domain within the system and a process feature, indicating the actual performance of the domain (4). Starfield's model of primary care domains is often used to assess the strength of a primary care system. Strengthening primary care to realize a more accessible, continuous, comprehensive and well-coordinated system is on many policy agendas both for improving patients health, quality of care and bending the cost curve by reducing hospital expenditures (5) (6) (7) .
To assess the actual performance of primary care, the number of hospital admissions per capita for conditions that are potentially avoidable with good primary care can be used as indicator of primary care quality (8, 9) . Such hospitalizations are frequently termed as ambulatory care sensitive conditions (ACSCs). ACSCs are a range of conditions where appropriate and timely ambulatory care or primary care may prevent or reduce the need for much more expensive secondary care (10) . Hospitalization for these conditions might be avoided by preventing the onset of the illness, controlling acute disorders or managing chronic diseases to avoid complications (7, 11, 12) . There is no consensus about which conditions should be included in the set of ACSCs (13) ; however, for chronic diseases, the following conditions are generally considered as ambulatory care sensitive: diabetes, asthma, chronic obstructive pulmonary disease (COPD), angina, hypertension and congestive heart failure.
There is an extensive amount of literature on the association between avoidable hospitalization and primary care. Most research in the field of hospitalization for ACSC involves the relationship with primary care physician supply as a measure of accessibility to primary care. One literature review confirms this relationship between avoidable hospitalizations and access to primary care (14) , indicating that primary care as first contact care is reducing potentially avoidable hospitalizations. Another organizational aspect of primary care associated with avoidable hospitalization is continuity of care (15) . Having a regular source of care is hypothesized to lower rates of avoidable hospitalization. Patients having a continuous relationship with their primary care physician might feel more unrestricted to express their health problems, including those leading to admissions for ACSC, earlier to their physician, resulting in potential prevention of deterioration of the illness. Although lots of research is undertaken to investigate the phenomenon of ACSC hospitalization, no clear overview exists of the actual contribution of the different primary care characteristics leading to a reduction of the risk for ACSC admissions. Therefore, the objective of this review is to determine and give an overview of which characteristics of primary care organization influence avoidable hospitalization for chronic ACSCs, based on empirical studies that researched this relationship in the literature.
Methods
A systematic search of peer-reviewed studies published in English between January 1997 and November 2013 was conducted using the following electronic databases: PubMed/ Medline, Embase and SciSearch. The search strategy combined terms related to primary care ('primary health care', 'family physicians', 'ambulatory care', 'patient-centred care', 'medical home') and avoidable hospitalizations using: 'avoidable', 'preventable', 'ambulatory care sensitive', 'primary care sensitive', as well as: 'hospitalisation', 'hospitalization', 'hospital admission'. In addition to the search across electronic databases, reference lists of included studies were checked to identify potential relevant papers. Furthermore, if papers identified by the search described the protocol of an intervention study, the Internet was searched about the current status of these studies and published papers were obtained if possible. Study protocols were excluded. Only primary empirical studies, both observational and experimental, were considered. Reference lists of systematic reviews, identified in the search, were checked for relevant papers. These papers were included if they met the inclusion criteria.
The search identified a total of 1778 potential articles. All titles and abstracts were screened for inclusion, independently by two reviewers (TvL and MJF). In case of disagreement regarding inclusion or exclusion, the full text article was obtained and reviewed (TvL and MJF). A third researcher (MJvdB) was consulted if there was disagreement.
Studies were eligible for inclusion if they met the following criteria:
1. Hospital admission reported as outcome measure 2. Conditions: ACSC, diabetes (type 1 and 2), COPD, asthma or heart diseases 3. Primary care characteristics are included in analyses; 4. Only studies performed in high income countries were considered for better comparison and generalizability of results between countries [based on World bank (16) ].
Studies were excluded if they reported data on emergency department visits, re-admissions or nursing home admissions. Studies investigating admissions for adverse drug events were also excluded, since the focus of this study is on chronic conditions. Duplicate studies were removed. A total of 49 studies met the inclusion criteria. Details on the progress of study selection are shown in Figure 1 . Information extracted from the remaining 49 studies included: first author, publication date and country; study design; study population; primary care factor; outcome measure and relevant study outcomes (Table 1 ). All primary care factors were aggregated into clusters. These clusters were created based on the factors observed rather than on forehand specified clusters in order to include all primary care factors and not only those fitting in the pre-specified clusters [e.g. first contact of care, longitudinality, comprehensiveness and coordination (3, 4) ].
For each study, a risk of bias assessment was carried out determining the potential for selection bias, performance bias, attrition bias, detection bias and reporting bias (66) . Studies were rated in low, medium, high or unclear risk of bias. Studies with a low risk of bias include those with a strong design, appropriately performed and clearly and precisely described. Medium risk of bias studies do not meet all criteria, however, this is not likely to cause bias. Studies with a high risk of bias include at least one major flaw in the design that has the potential to cause bias, undermining the validity of the results. A study rated as having an unclear risk of bias had poorly reporting.
Results
Of the 49 articles selected in this review, 30 were conducted in the USA. The others were constructed in the UK (6), Taiwan (3), Korea (1), Canada (3), Germany (2), Italy (2), Spain (1), Australia (1) and New Zealand (1) . Half of the studies (25) were published in the last 5 years. The majority was observational of design (37/49) . Twelve experimental studies were included, of which three with a randomized design. In 22 studies, a whole range of ACSCs were covered, while the remaining studies focused a few chronic diseases or on total admission rates. Of the 49 studies, 7 focused on children, 7 on elderly and the other 34 articles used all ages or did not specify the participants' age-group. The risk of bias assessment determined that only 2 studies had a high risk of bias, 10 had a medium risk of bias, 36 had a low risk of bias and 1 study had an unclear risk of bias.
After data extraction, 22 unique organizational factors were found. Then, these factors were aggregated to four clusters. Note ADHD, attention deficit hyperactivity disorder; ARR, adjusted rate ratio; CCM, chronic care management; CHD, coronary heart disease; CI, confidence interval; COC, continuity of care; COCI, continuity of care index; CHW, community health worker; FFS, fee-for-service; FTE, full-time equivalent physicians; HF, heart failure; HMO, Health Maintenance Organization; IRR, incidence rate ratio; MHI, medical home index; OR, odds ratio; PC, primary care; PCN, primary care network; PCP, primary care physician; QoF, quality and outcomes framework; RCT, randomized controlled trial; SE, standard error; SECON, sequential continuity; SNP, special needs plan; UPC, usual provider continuity. that some studies investigated more than one factor from different clusters, and as such can appear more than once in the overview:
1. System-level characteristics: factors related to the organization of the health care system (3 factors investigated in 9 studies); 2. Access to primary care: factors related to timely access and availability of the primary care system (4 factors investigated in 18 studies); 3. Structural and organizational characteristics: factors related to how the primary care practice is organized (9 factors investigated in 10 studies) and 4. Care processes: factors related to how different processes of care are organized (5 factors investigated in 22 studies).
Below the different factors and their association with avoidable admission rates are described in detail, with an overview presented in Table 2 .
System-level characteristics
Nine studies investigated the association between avoidable hospitalizations and factors related to how primary care systems are structured in terms of financing and organization, such as additional payments, Health Maintenance Organization (HMO) penetration and 'medical homeness' (17) (18) (19) (20) (21) (22) (23) (24) (25) . Overall, four out of nine studies reported a decreased hospitalization rate for system-level factors. Four out of the nine articles, all situated in the USA, researched the influence of the medical home concept on lowering admission rates (19, 21, 23, 24) . The medical home is a model for organizing primary care in the USA to provide accessible, comprehensive and coordinated care in the community of patients. Indeed, three out of the four studies found significant lower rates of avoidable hospitalization when more 'medical homeness' was incorporated in the health care system (19, 21, 24) . The studies had participants of different age groups. In four other American studies, HMO penetration, a health care plan in the USA including primary care, was researched (17, 18, 22, 25) . One showed that HMO penetration was associated with less preventable hospitalizations (25) . Two studies found private HMO enrollees less likely to be admitted for ACSC, while Medicaid HMO enrollees had inverse results (17, 18) . Lastly, an Italian study investigating the relationship between additional financial payments for GP's and avoidable hospitalization did not find a statistical significant association (20) .
Care accessibility
Care accessibility, which was studied in 18 articles, includes primary care physician supply, waiting time and the number of visits in primary care. Fourteen studies, all with an observational research design, investigated the role of supply of primary care physicians in relation to avoidable hospitalization rates, regardless of country and age groups (17, 18, (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (Fig. 2) . Except for 3 studies (33) (34) (35) , the majority (9/14) of studies confirmed a negative association between the number of primary care physicians per population and hospitalization rates (17, 18, (25) (26) (27) (28) (29) (30) 32) . In addition to this linear association, in one study, the inverse relationship between supply and avoidable hospitalization rates was only present for supply-rates up to 5.2/10 000, while a further increase in supply did not affect hospitalization rates (31) . Moreover, one study found a positive relation, indicating that the more primary care physicians, the higher the rates of ACSC hospitalization (36). Patients with a higher self-rated access had risk to be hospitalized for ACSC (26) . Mixed results were reported for the association between both waiting time for an appointment (27, 37) and the number of primary care visits and avoidable hospitalization (38, 39) . Finally, in the USA, not having a regular primary care physician increased the risk of avoidable hospitalization for ACSCs in both adults and children (40) .
Structural and organizational characteristics
Of the total 49 studies, 10 investigated the role of primary care practice organization (20, 27, 29, 33, 35, 38, (41) (42) (43) (44) . Higher workload for GP's, as well as more full-time equivalent physicians in the practice, as a measure for practice size, was associated with higher rates of ACSC hospitalization (33, 43) . Mixed results were reported for practice type (20, 29, 42, 44) , list size (20, 35, 38, 42) and for having access to ancillary or support services (43, 44) in relation to the probability of hospitalization for ACSCs. The availability of practice nurses in the practice was associated with reduced admission rates for patients with asthma and COPD, while opposite results were found for diabetes-related admission (27, 42, 43) . However, when the nurse case manager was combined with a community health worker within a managed care program, admission risk significantly decreased for diabetes patients, for those who saw the community health worker (41) . No association was found for GPs offering condition-specific services and use of IT services (35, 43, 44) .
Organization of care process
This cluster mainly refers to primary care provider continuity and how care is delivered, e.g. within disease management programs. There is compelling evidence, based on nine observational studies, that higher levels of provider continuity decrease the risk of avoidable hospitalization for ACSC and chronic diseases, regardless of country and age groups (45) (46) (47) (48) (49) (50) (51) (52) (53) (Fig. 3) . Collaboration between primary care physicians and other community-based health care providers within for instance primary care networks (54, 55) and adherence to guidelines (44, 56) were associated with a reduction of hospitalization rates.
The association between disease management programs and avoidable hospitalization was often reported (n = 8), with inconsistent results (57) (58) (59) (60) (61) (62) (63) (64) . All disease management programs differed in focus, content and intervention. Five found that involvement in a disease management program decreased the rate of avoidable hospitalization (58) (59) (60) 63, 64) . Two articles, the same study but different samples, found mixed results depending on the chronic disease researched (61, 62) , while another study found no effect of a COPD program on hospitalization (57) .
In addition, cardiac patient attending in a secondary prevention clinic, which promotes medical and lifestyle aspects and offer regular follow-up, had lower risk for hospitalization, however, only partly due to lower cardiac admissions (65) .
Discussion
Based on 49 studies, this review provides insight in the evidence of which characteristics of primary care organization relate to avoidable hospitalization for ACSC. Having an accessible and continuous primary care system appeared to be more important in reducing potentially avoidable hospitalizations than how the primary care delivery is exactly organized.
First, this review of the literature presents compelling evidence for the positive impact of having an accessible primary care system, measured as primary care physician supply, in lowering rates of potentially avoidable hospitalizations. Our findings correspond with a review focusing primarily on accessibility of care (14) . However, not all regions with an adequate capacity of primary care physicians had lower rates of hospitalization. One of the studies suggested the supply-induced demand theory as possible explanation of this contradicting result, at least in the USA. When the supply of physicians grows to a point where there is too much competition for patient volumes, physicians might increase the demand for their services at other levels of the system, for instance in the hospital (31) . This, however, will primarily occur when primary care physicians are both organizationally and financially tied to the hospital, which is often the case in the USA, but not in other countries like the UK and The Netherlands.
Besides adequate physician supply, this review shows that continuity of care defined as having a long-term relationship with a primary care provider lowers rates of avoidable hospitalization. Provider continuity, regardless how it is measured, reduces rates of hospitalization across the studies and across studied conditions. Continuity of care is often seen as a core dimension of primary care and influences primary care quality, not only in terms of patient outcomes such as hospitalization and emergency department use, but also patient satisfaction (67, 68 ).
There appears to be no clear recipe on how primary care delivery should be organized in order to reduce avoidable Figure 3 . Distribution of studies that show lower rates of avoidable hospitalization due to better continuity of care across countries, conditions and study populations.
hospitalization. Provision of care within for instance disease management programs or special needs plans do not necessarily reduce rates of hospitalization; results are inconclusive. Although such programs often are intended to support self-management and reduce health care utilization, the evidence supporting these claims are, in line with our findings, inconclusive (69) . Other organizational features, such as practice type, size, specific services or IT services showed mixed results or were not associated with lowering rates of hospitalization.
In contrast, there is some evidence that comprehensive care, organized according to the medical home concept, established in the USA, reduces the rates of avoidable hospitalization. The medical home concept aims to provide an accessible and continuous primary care system for their patients as well as comprehensive and coordinated care (70) . This concept is consistent with our findings about the importance of care access and provider continuity.
Referring back to Starfield's model of primary care domains, strong primary care systems are proposed to be first contact for care, continuous, comprehensive and well-coordinated in order to reduce unnecessary and unwanted outcomes such as avoidable hospitalization (4). Indeed, it can be concluded that the structural feature of first contact of care, that is sufficient primary care physician supply, is associated with lower the risks of avoidable hospitalizations across countries, diseases and study populations. In addition, longitudinality of care over time is also associated with fewer admissions. On the other hand, there is still a gap in knowledge for the other domains (i.e. coordination of care and comprehensiveness). Although, some studies conducted research in these areas, no conclusive evidence was found so far.
Countries differ in the way they organize their primary care system. Tradition and culture often influence the approach in system policy. What might work in one country might not be of much contribution in another. Moreover, results also show that what might work for patients with a certain condition might not work for a patient with another ACSC. The same applies for different study populations: children, adults, elderly, ethnic minorities and so on. Our study gives a state of the art overview of the body of knowledge in literature and identifies clear areas in which initiatives can reduce unnecessary hospitalizations and thereby enhance the quality of care. Further research is required to gain more insight into which factors have a greater importance for specific subgroups.
Limitations
There are some points of consideration when using rates of preventable hospitalization as an indicator of quality of primary care. Although the role of primary care in reducing avoidable hospitalization might be important, other factors outside the health care system might also contribute to admissions for ACSCs. Literature shows that there are many non-primary care factors such as patient, environmental and social factors, related to avoidable hospitalization, and creating barriers for reducing these admissions (15, 71) . Moreover, primary care is only one type of ambulatory care. Especially when using hospitalization rates for ACSCs, it is important to realize that other outpatient settings might influence these types of hospitalizations and not only primary care. Yet, our results show the influence of primary care on rates of avoidable hospitalization and therefore the possibilities to use it as a measure of primary care quality, bearing in mind possible other influences.
Further limitations for the present study arise from both study methods as well as characteristics of the studies included. This review was only based on published peer-reviewed studies and did not include grey literature or literature in non-English languages. By searching references of included studies, this limitation was however restricted. Most studies were observational of design and only a few were experimental. However, limiting the search to a specific study design might result in not including potentially important factors. In addition, some studies had primary care factors as predictors or covariate in their analyses while this was not the main focus of the study, this was especially true for factors within the practice level, for instance practice size. Some studies had a focus on a specific patient group, such as diabetics or other chronic diseases, but reported all-cause hospitalization or did not specify the diagnosis of hospitalization as outcome measure. We argue that it is justifiable to include these studies since they specifically focus on a patient group aiming to prevent hospitalizations. Lastly, due to the wide variation in types of primary care systems, difficulties arise in determining whether a study has a primary care setting. Although unlikely, articles might accidently be excluded because of unknown or unclear settings, for instance articles not specifying the type of outpatient care.
Conclusions
This study highlights the importance of primary care in reducing hospitalization for several chronic conditions or ACSCs. Our findings suggest that through strengthening primary care by increasing the primary care physician supply and enhancing long-term relations between primary care physicians and patients, potentially avoidable hospitalizations will actually be avoided. This appeared to be even more important than how the actual primary care delivery is organized. Policy goals enhancing these features of primary care might improve quality.
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